2 H-labeled precursors showed that the 9-hydroxydecanoyl unit, the acyl intermediate of lasiodiplodin (1), was also the intermediate of (5S)-5-hydroxylasiodiplodin (2) in Lasiodiplodia theobromae. The incorporation of [O-methyl-2 H 3 ]-lasiodiplodin (6) into 2 indicated that hydroxylation at C-5 occurred after cyclization.
Lasiodiplodins are unique fungal metabolites of Lasiodiplodia theobromae which possess various physiological activities. [1] [2] [3] [4] [5] They are classified as resorcylic acid lactones (RALs). The skeletons of RALs are mainly biosynthesized by two polyketide synthases (PKSs), reducing PKS (R-PKS) and non-reducing PKS (NR-PKS), via highly reduced acyl intermediates. [6] [7] [8] [9] In the course of our biosynthetic study on polyketides produced by L. theobromae, [10] [11] [12] we have demonstrated that lasiodiplodin 1, an RAL, was also biosynthesized via the typical biosynthetic system of RALs. 12) However, the biosynthetic pathway for the hydroxylated derivative of 1, (5S)-5-hydroxylasiodiplodin (2), has not yet been revealed, especially hydroxylation at C-5. We here report further labeling studies indicating that 2 was biosynthesized via direct hydroxylation of 1.
[10,10,10-2 H 3 ]-9-hydroxydecanoic acid (3, 99.5% 2 H-labeled) was synthesized and fed to a culture of L. theobromae. 10) Compound 2 was isolated from the culture of L. theobromae fed with 3, and the biosynthesis of 2 was elucidated by means of 2 H-NMR and FD-MS data. The 2 H-NMR spectral data for resulting 3-derived compound 2 in CHCl 3 exhibited a signal at 1.34 ppm corresponding to deuteriums on the methyl group at C-15 ( Fig. 2A) . On the other hand, we synthesized [8, 8, 9 ,10,10,10-2 H 6 ]-7,9-dihydroxydecanoic acid, a possible acyl intermediate of 2, and carried out a similar administration study by using the 2 H-labeled intermediate. However, this 2 H-labeled acyl unit was not incorporated into 2 (data not shown). These results indicate that 2 was not biosynthesized via the 7,9-dihydroxydecanoic acid, but instead via 9-hydroxydecanoic acid, the same acyl intermediate as that with 1.
These results also suggest the hydroxylation at C-5 after the PKS phase. We thus presumed that 2 was biosynthesized via direct hydroxylation of 1. In order to test this presumption, [O-methyl-2 H 3 ]-lasiodiplodin (6) was synthesized as shown in Fig. 3 . An administration study of 6 was carried out in a similar manner to that of 3. The 2 H-NMR spectrum of 6-derived 2 exhibited an intense signal at 3.65 ppm corresponding to deuteriums on the methoxy group at C-14 (Fig. 2B ). In the case of the feeding experiment of 3, 2 H enrichment of 3-derived 2 was 1.48%; however, 34.6%
2 H enrichment was observed for 6-derived 2. The 1 H-NMR spectral data for 2 H-labeled 6 were the same as those for non-labeled 6 (data not shown). This biotransformation clearly demonstrates that 1 was directly bio-converted to 2 through hydroxylation at C-5, and furthermore, the high incorporation ratio of 1 into 2 indicates this pathway to be the main biosynthetic route for 2.
In conclusion, the biosynthetic pathway for hydroxylated lasiodiplodin 2 was demonstrated to be that shown in Fig. 1 by an administration study of 2 H-labeled precursors. This information will contribute to enzymatic or molecular biological studies on the biosynthesis of lasiodiplodins and RALs. (3) and acetyl-lasiodiplodin (4). These were prepared as previously reported.
12)
Acetyl-de-O-methyl-lasiodiplodin (5). To a solution of 4 (821 mg, 2.46 mmol) in dry CH 2 Cl 2 (40 ml), a 1.0 M BBr 3 CH 2 Cl 2 solution (19.0 ml) was added dropwise at À78 C. The mixture was stirred at À78 C for 4 h and poured into ice-cooled water. The organic layer was separated and the aqueous layer was extracted with CH 2 Cl 2 (100 ml Â 3). The combined organic layers were washed with brine, dried over MgSO 4 , and evaporated to dryness. The residue was purified by silica gel column chromatography (silica gel 40 g; EtOAc:n-hexane [O-methyl-2 H 3 ]-lasiodiplodin (6) . To a stirred solution of 5 (240 mg, 0.749 mmol) in acetone (6 ml), CD 3 I (70.8 ml, 1.12 mmol) and then K 2 CO 3 (129 mg, 1.12 mmol) were added at room temperature, and the mixture stirred overnight. EtOH (8 ml) and a 1.0 M NaOH aqueous solution (4 ml) were added to the solution, and the mixture stirred for an additional 3 h. The mixture was quenched by 1.0 M HCl (20 ml) and extracted with EtOAc (40 ml Â 3). The combined extracts were washed with brine, dried over Na 2 SO 4 , and evaporated to y To whom correspondence should be addressed. Tel/Fax: +81-11-706-2505; E-mail: knabeta@chem.agr.hokudai.ac.jp Culture conditions. The culture method for L. theobromae IFO 31059 and the administration method for the 2 H-labeled precursors have been described in a previous report.
12 ) The concentrations of 3 and 6 administered were 1 and 5 mM, respectively. (
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Incorporation ratio. The incorporation ratio was calculated from the FD-MS data by comparing the ½M þ 3 þ ion peak (m=z ¼ 311) of the natural and biosynthetically labeled compounds of 2.
Isolation of biosynthesized 2. The isolation method for 2 from the culture has been described in a previous report. 12) Compound 2 derived from 3 (6.5 mg) and compound 2 derived from 6 (3.8 mg) were respectively obtained from 150 ml of the culture of L. theobromae.
